CBCT analysis of the extension of the anterior loop of the mental nerve and its relation to age, gender, and dentate status by Hussein, Omer Hani M A
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2021
CBCT analysis of the extension of
the anterior loop of the mental
nerve and its relation to age,
gender, and dentate status
https://hdl.handle.net/2144/42408
Boston University
 
 
BOSTON UNIVERSITY 
HENRY M. GOLDMAN SCHOOL OF DENTAL MEDICINE 
 
THESIS 
  
CBCT ANALYSIS OF THE EXTENSION OF THE ANTERIOR 
LOOP OF THE MENTAL NERVE AND ITS RELATION TO AGE, 
GENDER, AND DENTATE STATUS 
by 
OMER HANI M A HUSSEIN 
DDS, Ajman University of Science & Technology, 2014 
 
 
Submitted in partial fulfillment of the requirements for the degree of  
Masters of Science in Dentistry 
In the Department of Periodontology 
 
 
 
 
2021
 
ii 
Readers Approval Page 
 
First Reader____________________________________________________________________ 
Dr. Julia Y. Yang, DDS, DSc 
Clinical Assistant Professor of Periodontology 
 
 
Second Reader_________________________________________________________________ 
Dr. Wayne Gonnerman, PhD  
Assistant Professor of Periodontology 
 
 
Third Reader_________________________________________________________________ 
Dr. Serge Dibart, DMD  
Chair of Periodontology
 
iii 
Acknowledgement 
 
First and foremost, praises and thanks to the Almighty ALLAH, for his showers of 
blessings throughout my research work to complete the research successfully. 
I would like to acknowledge everyone who played a role in my academic 
accomplishments. My parents and my wife, who supported me with love and 
understanding. Without you, I could never have reached this current level of success. 
I would like to express my deep and sincere gratitude to my research supervisor, 
Dr. Yang, who has provided patient advice and guidance throughout the research process. 
Thank you all for your unwavering support.  
I am extremely grateful to Dr. Jassim Alabdullah, DDS, CAGS, MSD for his 
support and guidance. He taught me the methodology to carry out this study. It was a great 
privilege and honor to work with him. I would also like to thank him for his friendship 
that goes beyond the academic level. 
I am extending my grateful thanks to Dr. Mohammed Abusamak, for his endless 
support and help in the research project. It was an honor to work with him and his input 
was of so much value.
 
iv 
CBCT ANALYSIS OF THE EXTENSION OF THE ANTERIOR 
LOOP OF THE MENTAL NERVE AND ITS RELATION TO 
AGE, GENDER, AND DENTATE STATUS 
 
OMER HUSSEIN 
Boston University, Henry M. Goldman School of Dental Medicine, 2021 
Major Professor: Serge Dibart, Professor of Periodontology 
ABSTRACT 
Introduction 
The mental foramen region is important in dental implant placement as it serves as essential 
neurovascular bed. Despite the belief that the interforaminal area is a safe area for implant 
placement, a detailed anatomical examination should be done before surgery to prevent injury to 
the nerve. The inferior alveolar nerve runs outward, upward and backward to the mental foramen 
and forms the anterior loop of the mental nerve. The anterior loop is the most mesial point of the 
mental foramen.  
Methods to determine the extension of the anterior loop include surgical cadaver dissections, 
panoramic films of markers in dried skulls and cadaver mandibles, panoramic films of patients, 
periapical radiographs and CT scans of patients. These different methods and dissimilar diagnostic 
techniques have led to diverse results. 
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The aim of this study was to measure the extension of the anterior loop of the mental foramen by 
using cone-beam computed tomography (CBCT). 
Methods 
Randomly selected sagittal, axial, and coronal CBCT images of the maxillofacial region of 100 
patients (50 males, and 50 females) aged between 18-80 were retrospectively screened to 
determine the extension of the anterior loop. Categorized into (1) younger males, (2) younger 
females aged (18-44), (3) older males, and (4) older females aged (45-80). Four groups based on 
dental status were added (1) fully edentulous males, (2) fully edentulous females, (3) dentated 
males, and (4) dentated females. Measurement tools provided by the software were used to 
determine the extension of the mental loop. Data was collected for statistical analysis to determine 
the association between CBCT findings and the patient's gender, age, and dentate status.  
Results 
In this study, 50 male, and 50 female patients were included for anterior loop measurements. The 
median age of the sample population was 45 [range 33 to 59]. The mean anterior loop 
measurements for right and left side were 1.36 mm (0.80 SD) and 1.37 mm (0.79 SD) respectively. 
Eighty percent of our study participants were dentate and 20% were fully edentulous.  
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Discussion 
Prior to implant placement proper planning is necessary to avoid misplacement of dental fixtures 
and injury to the mental nerve. The anterior loop is one of the crucial anatomical structures that 
clinicians have to consider during the planning. CBCT proved to be the most reliable method of 
examining the maxillofacial region. No correlation was found between age, gender, and dentate 
status with changes in the anterior loop measurements. Even though there was no statistical 
difference among the groups, but there were variations in the anterior loop measurements. In some 
of the individual cases the anterior loop was 0 mm in one side and 2.5 mm on the other side. This 
is a big measurement variation of a clinical significance when it comes to implant placement. 
Looking to the results among groups statistically doesn!t give us the real measurement of the 
anterior loop. Instead every case should be examined individually to identify the extension of the 
anterior loop in both sides, even if it was not detected in one of the sides. 
 
Conclusion 
An implant placed in proximity to mental foramen requires planning to avoid complications or 
nerve injury. Because of possible variations in the anterior loop measurements should be done for 
each individual case. CBCT is the imaging method of choice to assess the anterior loop.
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Introduction : 
Knowledge of anatomy of oral structures is necessary for implant placement to counter 
anatomical variations 1.   
The mandible is the largest bone in the human skull. It holds the teeth, aids in mastication 
and forms the lower jaw line. It is located inferior to the maxilla and consists of the body 
and the ramus. The superior border of the ramus gives rise to the condyloid and the 
coronoid process.  
The trigeminal nerve, the fifth cranial nerve provides nerve input to the mandible. It has 
three main branches: ophthalmic, maxillary, and mandibular 2. The mandibular nerve gives 
rise to the inferior alveolar nerve. The inferior alveolar nerve crosses from the lingual to 
the buccal side of the mandible, next to the first molar, It is located midway between the 
buccal and lingual cortical plates of bone 3. Usually, the inferior alveolar nerve divides into 
the mental and incisive nerves in the premolar/molar region 4. The mental nerve emerges 
from the mental canal. The mandibular canal anterior to the mental foramen is referred to 
the incisive canal 5. 
The mental nerve continues upward in the mental canal and emerges from the mental 
foramen in conjunction with blood vessels 5. Normally, three nerve branches come out of 
the mental foramen. One innervates the skin of the mental area, and the other two proceed 
to the skin of the lower lip, mucous membranes, and the gingiva as far posteriorly as the 
second premolar 5. 
The incisive canal is a continuation of the mandibular canal and is anterior to the mental 
foramen 5, 6. A neurovascular bundle may exist in the intertrabecular spaces of the incisive 
canal 7.  
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The anterior loop is defined as the portion of the inferior alveolar nerve which extends 
beyond the mental foramen 1. Figure 1 shows the anterior loop in a cadaver dissection. 
 
 
 
                            Figure 1: anterior loop examined in dissected cadaver 39.  
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     Figure 2: anterior loop diagram.  
  
Any damage to the anterior loop can result in mental nerve damage, which can present as 
anesthesia, paresthesia, or dysesthesia in the region of the labiomental fold and the gingival 
tissue from the lower central incisor to the mandibular second premolar 1.  
Mabajiorgu et al defined different shapes of the mental foramen: oval (56.3%) and round 
(43.8%) in 32 subjects 8. Gershenson et al. reported oval (65.5%) and round (34.5%) in 575 
patients 9. Skull analysis showed the mean height of the mental foramen was 3.4mm with 
average width of 3.59mm 10. Several anatomical studies investigated the location of the 
mental foramen 11-16. It usually located by the apex of the second mandibular premolar or 
between the apices of the premolars, with minor variations related to race. Agthong el al. 
stated that the foramen was 28mm from the mandibular midline and 14 to 15 mm from the 
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inferior border of the mandible 15. Sawyer et al. studied the frequency of accessory mental 
foramina and found that it was present in 1.4% of white Americans 12.  
Meticulous planning and anatomical assessment should be done prior to the implant 
placement to avoid any complications or nerve injury. Radiographic assessment is 
considered to be a standard method of diagnosis and planning in most of the maxillofacial 
specialties. Along with the physiological knowledge, understanding of the imaging 
capabilities and limitation should be considered.  
One of the most reliable radiographic tools for implant placement that has been used in the 
past is the panoramic x-ray. It has been used for multiple diagnoses including maxillary 
sinus, mandibular condyle and ramus, impacted teeth, detection of inferior alveolar nerve, 
and mental foramen location.  
The anterior loop was detected in only 11% of the patient!s panoramic films 17. Misch and 
Crawford in 1990 detected the anterior loop in 12% of their patients (N=324) 18. Arzouman 
et al studied 25 human skulls to determine the reliability of panoramic x-ray to detect the 
anterior loop 19. The panoramic films detected only 56% to 76% compared to 92% to 97% 
using the direct method. Those findings were statistically significant. The study concluded 
that panoramic films are not a reliable method to detect the anterior loop. 
Image distortion is the cause if the non-reliability of the panoramic imaging in detecting 
the anterior loop. The image accuracy varies with the patient position to the image layer of 
the machine 19. 
Cross-sectional methods have overcome the limitation of the panoramic films.  A study by 
Lindh in 1992 revealed that cone beam computed tomography (CBCT) is more accurate 
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than panoramic imaging 20. The main advantage of CBCT is visualization and 
reconstruction of the surgical site in three dimensions 21. 
In 2009 a study by Uchida reported that detection of the anterior loop by CBCT was 
comparable to cadaver autopsy, indicating that CBCT is a very reliable method 22. 
A study by Bavitz et al. revealed that the anterior loop was present in 54% of periapical 
radiographs when it was present only in 11% of the same cadaver specimens when they 
were dissected 23. In a study by Mardinger et al. 40% of the radiographic anterior loop 
present in periapical radiographs were not found by anatomical dissection 24. Those 
findings indicates that periapical radiographs overestimate the presence of anterior loop 
and is not a reliable method for detection of this crucial anatomical landmark. 
Today patient demand for dental implants to restore missing teeth has increased and 
become a standard of care to replace removable partial/complete dentures. Dental implants 
use a titanium screw inserted into either maxilla or mandible to replace the tooth root. The 
increased implant demand has led to increased neurosensory injuries and hemorrhages 
among other complications 25. 
Accurate knowledge and detection of anatomical structures is needed to improve implant 
dentistry. Alongside available bone width and height, neurovascular detection is a crucial 
step in planning, especially in the mandible which contains the inferior alveolar canal, 
mental foramen and the anterior loop of the mental nerve in the interforaminal region 25. 
Many studies have recommended 2 mm as a minimum safety zone to avoid injury to the 
nerve when placing dental implants 26,27. Studies of placement of dental implants in the 
interforaminal area have suggested that the most distal aspect of the implant should be at 
least 2 to 6 mm anterior to the foramen to avoid any injury 28, 29, 30. These different 
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recommendations reflect the diversity of the prevalence and extent of the anterior loop of 
the mental nerve.  
Violation of the safety zone during osteotomy may result in one of the following 
complications: hypoesthesia (reduced feeling), hyperesthesia (increased sensitivity), 
paresthesia (numbing), dysthesia (painful sensation), or anesthesia (complete loss of 
feeling) of the teeth, surrounding mucosa and skin, or lower lip 31. It may also result in 
arterial or venous bleeding.  
The occurrence of sensory alteration may be due to multiples factors: flap reflection during 
surgery, study design, drilling location, sensitivity of assessment techniques, and 
terminology employed to explain sensory disturbance 32. Due to the possibility of those 
complications precautions should be taken and the patients should be aware of possible 
outcomes prior to the surgery 33. 
 
Materials and methods: 
This was retrospective study to measure the mental loop of the mental nerve using existing 
CBCT scan images of 100 patients presented at Boston University Henry M. Goldman 
School of Dental Medicine Department of Radiology aged 18-80.  
All CBCT images were taken between January 2016 and September 2018, were scanned 
using Sirona Galileo system.  
CBCT scans of fifty male and fifty female patients aged between (18-80) were randomly 
selected by a member of Radiology Department and were categorized into four groups: (1) 
males and (2) females aged 18-44, and (3) males and (4) females aged 45-80.  In addition, 
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two fully edentulous groups (10 male, and 10 female) were added. Each sample was 
assigned a number to insure blinded reading and lack of bias. 
Mapping of the nerve and measuring the extension of the anterior loop of the mental nerve 
was done by a single individual after intensive training and calibration by the Radiology 
Department using SIMPLANT Pro 18 software.  
Nerve mapping for each CT scan was done according to the software manufacturer’s 
training manual as follows:  
1.  Panoramic curve was drawn (Figure 2): 
    Figure 3: Panoramic curve drawing 
2. The nerve was mapped by clicking on the mental foramen in 3D view 
window.  
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3. The points of the nerve within the cross-sectional view were defined to 
draw the loop (Figure 3). 
             Figure 4: nerve mapping in cross-sectional view 
 
4. The rest of the nerve was mapped using the panoramic view by scrolling to 
the right slice (Figure 4). 
Figure 5: mapping the rest of the nerve using the panoramic view 
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After drawing the nerve, a 3D viewing window was used to view the inferior alveolar nerve 
within the mandible and to measure the mental loop extension. One hundred cases with 
two hundred loops were measured. Calculating the anterior extension of the mental loop 
was done using the measurement tool provided by the software to measure the distance 
from the most mesial aspect of the mental foramen to the most mesial border of the mental 
loop as follows:  
1. The mental foramen was viewed in 3D view.  
2. A transparency tool was used to adjust the transparency of the mandible to view 
the underneath nerve and mental loop (Figure 5). 
 
       Figure 6: nerve viewing using transparency tool 
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3. A straight tangent line was drawn at the most mesial point of the anterior loop 
(Figure 6). 
                               Figure 7: tangent line drawn from the most mesial point of the anterior loop 
 
4. Th distance between the most mesial part of the mental foramen to the tangent of 
the most mesial part of the anterior loop was measured using the measuring tool 
provided by the software (Figure 6). 
 
Measurement of the mental loop was repeated after 10 days after the first measurement. 
The mean of two measurements was recorded if the difference between the two 
measurements was less than 0.5 mm. If the difference between the old measurement and 
 
11 
the new one was 0.5 mm or more the measurement was repeated and then the mean of the 
two closest outcomes (a difference of less than 0.5 mm) was recorded. This step was done 
to ensure no bias and to minimize measurement error.  
After testing the normality of data distribution, clinical parameters and demographic 
characteristics of the study sample were presented. To investigate right and left anterior 
loop measurements changes across both gender and age, the study population was first 
stratified by age (Young <45 years \Old=> 45 years) and gender (Male\Female). Then, one-
way ANOVA and chi square tests were used to detect significant differences in anterior 
loop measurements in each stratum. Finally, the effect of age and gender interactions on 
anterior loop measurements (Right/Left) adjusting for dentate status were examined in a 
linear regression model. 
Case matching was performed based on age and gender between dentate and edentulous 
patients. Both right and left anterior loop measurements across these two cohorts were 
tested by one-way ANOVA. Statistical analyses were conducted using the statistical R 
program (4.0.2).   
"  
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Results: 
In this study, 100 (50% Males, 50% Females) patients were included for anterior loop 
measurements. The median age of the sample population was 45 [range 33 to 59]. The 
mean anterior loop measurements for right and left were 1.36 mm (0.80 SD) and 1.37 mm 
(0.79 SD) respectively. Eighty percent of our study participants were dentate and 20% were 
fully edentulous.   
Table 1 and Table 2 show our samples stratified by age and gender. There were no 
significant differences between each stratum in terms of anterior loop measurements 
(p>0.05). However, there was a significant difference between old and young groups in the 
dentate status (p<0.05). Further, participants were divided into 4 groups based on age and 
gender as follows: (i) Young Males, (ii) Older Males, (iii) Young Females, and (iv) Older 
Females. Figure 7 and 8 show that there were no significant differences in right and left 
anterior loop measurements (p>0.05). After adjusting for dentate status, the age and gender 
interactions on right and left anterior loop measurements were not significant (Table 3).  
Finally, case matching for dentate status was performed based on age and gender and there 
were also no significant differences (p>0.05) across our study!s parameters (Table 4).  
 
"  
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 Old Young p-value  
n 50 50   
Rt (mean (SD)) 1.37 (0.79) 1.36 (0.83) 0.966a  
Lt (mean (SD)) 1.36 (0.85) 1.38 (0.73) 0.900a  
Gender (%)     
Male 22 (44.0) 28 (56.0) 0.317b  
Female 28 (56.0) 22 (44.0)   
Dentate Status (%)     
Dentate 31 (62.0) 49 (98.0) <0.001b  
Fully Edentulous 19 (38.0) 1 (2.0)   
a One-Way ANOVA test, b Pearson’s Chi-Squared test 
"
     
             Table 1: Study population stratified by age. 
 
 Male Female p-value 
n 50 50  
Rt (mean (SD)) 1.46 (0.73) 1.27 (0.87) 0.249a 
Lt (mean (SD)) 1.52 (0.73) 1.21 (0.82) 0.051a 
Age (%)    
Old 22 (44.0) 28 (56.0) 0.317b 
Young  28 (56.0) 22 (44.0)  
Dentate Status (%)    
Dentate 40 (80.0) 40 (80.0) 1.000b 
Fully Edentulous 10 (20.0) 10 (20.0)  
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a One-Way ANOVA test, b Pearson’s Chi-Squared test 
 
            
           Table 2: Study population stratified by gender. 
 
 Right Anterior Loop 
Measurements 
Left Anterior Loop Measurements 
Variables Estimate p-
Value 
CI 95% Estimat
e 
p-Value CI 95% 
Old: Male 0.398 0.121 (-0.100, 0.897) 0.470 0.06 (-0.014, 0.955) 
Young: Male -0.107 0.635 (-0.548, 0.333) -0.003 0.988 (-0.431, 0.424) 
Old: Female -0.127 0.588 (-0.583, 0.330) -0.183 0.420 (-0.626, 0.260) 
Fully 
Edentulous* 
-0.437 0.053 (-0.874, -
0.001) 
-0.350 0.109 (-0.774, 0.074 
Constant 1.428 0.00 (1.098, 1.757) 1.387 0.00 (1.067, 1.708) 
R2 0.081 0.099 
Adjusted R2 0.042 0.061 
Young: Female interaction was dropped due to high collinearity 
* Dentate status was adjusted for as a confounding variable. 
 
 
 
    
       Table 3: Age and gender interactions effect on anterior loop measurements (Right and left). 
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               Figure 8: Right anterior loop measurement stratified by age and gender. 
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          Figure 9: left anterior loop measurement stratified by age and gender. 
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 Dentate Fully Edentulous p-value 
n 20 20  
Rt (mean (SD)) 1.33 (0.77) 1.13 (0.81) 0.441a 
Lt (mean (SD)) 1.31 (0.85) 1.19 (0.91) 0.658a 
Age (%)    
Old 19 (95.0) 19 (95.0) 1.000b 
Young 1 (5.0) 1 (5.0)  
Gender (%)    
Male 10 (50.0) 10 (50.0) 1.000b 
Female 10 (50.0) 10 (50.0)  
a One-Way ANOVA test, b Pearson’s Chi-Squared test 
 
 
Table 4: Case matching for dentate status. 
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Anterior Loop Measurements 
ID Rt in mm Lt in mm Gender Age Dental status 
AL 1 0 0 Female 59 Dentate 
AL 2 0 0.8 Male 44 Dentate 
AL 3 0 0 Female 53 Dentate 
AL 4 1.8 1.7 Female 26 Dentate 
AL 5 1.4 2.4 Male 36 Dentate 
AL 6 1.5 1.1 Female 47 Dentate 
AL 7 1.8 2 Male 60 Dentate 
AL 8 0 1.1 Male 26 Dentate 
AL 9 1.7 2.3 Female 60 Dentate 
AL 10 1.5 0 Female 61 Dentate 
AL 11 0 1.2 Male 28 Dentate 
AL 12 0 0.83 Female 37 Dentate 
AL 13 1.15 1.3 Male 54 Dentate 
AL 14 1.75 2.1 Male 33 Dentate 
AL 15 1.1 0.98 Female 56 Dentate 
AL 16 1.75 2.72 Male 59 Fully 
Edentulous 
AL 17 3.17 2.7 Male 30 Dentate 
AL 18 1.5 0 Male 22 Dentate 
AL 19 1.42 1.9 Female 29 Dentate 
AL 20 0 0.6 Male 41 Dentate 
AL 21 1.98 1.4 Male 27 Dentate 
AL 22 2 2.15 Female 46 Dentate 
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AL 23 1.2 1.8 Male 62 Dentate 
AL 24 0 0 Female 61 Dentate 
AL 25 0 0.63 Male 27 Dentate 
AL 26 1.81 1.82 Female 25 Dentate 
AL 27 1.33 1.57 Female 48 Dentate 
AL 28 0.81 1.65 Female 34 Dentate 
AL 29 1.09 1.31 Female 54 Dentate 
AL 30 2.62 1.49 Female 33 Dentate 
AL 31 1.49 1.54 Female 30 Dentate 
AL 32 2.13 1.05 Female 34 Dentate 
AL 33 1.77 1.38 Male 59 Dentate 
AL 34 0.46 1.26 Female 39 Dentate 
AL 35 1.48 1.63 Male 55 Dentate 
AL 36 1.43 1.11 Female 21 Dentate 
AL 37 0.95 1.87 Male 38 Dentate 
AL 38 2 1.57 Male 53 Dentate 
AL 39 1.82 1.29 Female 68 Dentate 
AL 40 2.34 2.62 Female 65 Dentate 
AL 41 1.26 1.35 Male 40 Dentate 
AL 42 3.38 3.46 Male 58 Fully 
Edentulous 
AL 43 0.6 0.61 Female 62 Fully 
Edentulous 
AL 44 1.89 1.49 Male 70 Fully 
Edentulous 
AL 45 1.01 1.3 Male 77 Fully 
Edentulous 
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AL 46 1.34 1.28 Female 65 Fully 
Edentulous 
AL 47 0.2 0.4 Female 59 Fully 
Edentulous 
AL 48 0 0 Female 54 Fully 
Edentulous 
AL 49 0.9 0.9 Female 58 Fully 
Edentulous 
AL 50 0 0.42 Female 54 Fully 
Edentulous 
AL 51 0 0 Female 39 Fully 
Edentulous 
AL 52 0.72 0.37 Female 55 Fully 
Edentulous 
AL 53 1.22 0.94 Male 61 Fully 
Edentulous 
AL 54 1.27 0.63 Female 69 Fully 
Edentulous 
AL 55 1.49 1.2 Female 56 Fully 
Edentulous 
AL 56 1.58 1.81 Male 73 Fully 
Edentulous 
AL 57 1.05 0.85 Male 68 Fully 
Edentulous 
AL 58 1.44 1.5 Male 61 Fully 
Edentulous 
AL 59 1.9 2.54 Male 59 Fully 
Edentulous 
AL 60 0.91 1.37 Male 58 Fully 
Edentulous 
AL 61 1.82 1.65 Male 62 Dentate 
AL 62 2.11 2.64 Male 32 Dentate 
 
21 
AL 63 2.58 1.7 Female 52 Dentate 
AL 64 2.1 2.05 Male 36 Dentate 
AL 65 0.73 0.27 Male 30 Dentate 
AL 66 1.17 1.17 Male 38 Dentate 
AL 67 0.25 0 Female 33 Dentate 
AL 68 1.55 1.59 Male 35 Dentate 
AL 69 1.66 1.8 Female 30 Dentate 
AL 70 2.8 1.99 Female 63 Dentate 
AL 71 1.4 1.8 Male 39 Dentate 
AL 72 2.75 1.53 Female 35 Dentate 
AL 73 0 0 Female 66 Dentate 
AL 74 0 0 Female 24 Dentate 
AL 75 2.34 2.2 Female 37 Dentate 
AL 76 2.25 3.34 Female 74 Dentate 
AL 77 1.19 2.03 Female 35 Dentate 
AL 78 2.8 3.01 Male 69 Dentate 
AL 79 1.57 0.96 Male 33 Dentate 
AL 80 1.17 0.89 Male 24 Dentate 
AL 81 0.79 0.88 Female 50 Dentate 
AL 82 0.94 1.25 Male 71 Dentate 
AL 83 0.86 1.55 Female 63 Dentate 
AL 84 1.34 1.03 Female 32 Dentate 
AL 85 2.31 1.97 Female 53 Dentate 
AL 86 2.9 2.55 Female 18 Dentate 
AL 87 2.56 2.35 Male 30 Dentate 
AL 88 1.52 0.97 Female 38 Dentate 
 
22 
AL 89 1.99 1.2 Male 66 Dentate 
AL 90 1.04 0.98 Male 59 Dentate 
AL 91 1.68 1.61 Male 69 Dentate 
AL 92 1.63 1.9 Female 35 Dentate 
AL 93 1.42 1.81 Female 26 Dentate 
AL 94 1.41 1.61 Male 37 Dentate 
AL 95 1.28 1.25 Male 31 Dentate 
AL 96 1.46 1.52 Male 39 Dentate 
AL 97 0.94 0.56 Male 41 Dentate 
AL 98 2.31 2.38 Male 40 Dentate 
AL 99 1.67 0 Male 33 Dentate 
AL 
100 
1.53 1.56 Male 43 Dentate 
 
"
Table 5: Anterior loop measurements. 
"
 
"  
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Discussion:  
The increased use of dental implants to replace a missing tooth or teeth requires detailed 
anatomical knowledge and comprehensive planning for accurate and safe implant placement 
without damaging neurovasculature structures located in the area. Diagnostic tools and methods 
are available to ensure the safe placement and minimize the risk of complications. Those elements 
are crucial and the key for successful implant dentistry and are considered as a standard of care for 
any implant surgery.  
Drilling the osteotomy blindly may lead to complications in the interforaminal region of the 
mandible especially when not taking the anterior loop of the mental nerve into consideration 34. 
Preoperative radiographic analysis and diagnostic tools are necessary to determine the number, 
and size of implants to achieve the optimal outcome. 
A study by Garay and Olate (2013) concluded that panoramic radiographs have a limited ability 
to evaluate the available bone height and width, and to detect anatomical structures prior to implant 
placement. The study mentioned that image distortion of the anatomic structure is one of the 
disadvantages of panoramic radiograph 35. It may cause overestimation or underestimation of the 
mental loop extension as mentioned by Kuzmanovic et al. 29. Factors such as head position and the 
shape of the dental arch may affect the panoramic radiograph accuracy and cause distortion 36. For 
those reasons panoramic radiograph has limited usage in implant dentistry.  
CBCT has been studied and proven to be a reliable method of diagnosis and planning as it provides 
high image contrast without overlapping of the anatomical structures. This makes it the imaging 
technique of choice for the maxillofacial region 37. 
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Several studies have used CBCT as their diagnostic imaging method when studying the 
maxillofacial region. A study by Rios et al. 2017 indicates the use of CBCT to determine the 
following: A) Pathology/incidental findings; B) Peri#implantitis/implant fate; C) Alveolar ridge 
dimensional changes; and D) Characterization of vital anatomic structures relevant to the implant 
site 27. In our study we used CBCT as the imaging method for assessing anatomic structures prior 
to implant placement. Ours and other studies suggest that CBCT should be the standard of care 22, 
24, 29, 34. 
Proper planning is crucial prior to any implant placement to avoid any complications or damaging 
the neurovascular structures surrounding the area of the implant. We focused our study on the 
interforaminal region and specifically on the anterior loop of the mental nerve which is usually 
missed by clinicians. A zone of safety with a range of 2-6 mm has been suggested when planning 
an implant in the interforaminal region 28, 29, 30.  
The extension of the anterior loop may vary from 0 to 7.5 mm 1. However, in our study the range 
of anterior loop extension was between 0 to 5.08 mm with the mean of the measurements being 
1.36 mm for the right loop, and 1.37 mm for the left loop. Those findings were similar to the study 
by Solar et al. 1994 in cadavers 30. 
In this study we categorized the sample into age, gender, dentate status in order to identify any 
difference in the measurements between those groups. To the best of our knowledge no other study 
has studied those differences among their sample’s subjects.  
In both males and females (n=100) the anterior loop measurement was (1.37 and 1.36 mm) and 
(1.36 and 1.38 mm) respectively with no statistical difference based on age. Thus the anterior loop 
extension does not change with time even though with age patients tend to lose teeth which has a 
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direct influence in the alveolar ridge dimensions. Different studies indicated a decrease in 
visualization of the anterior loop in older subjects due to reduced cortex calcification 38. This leads 
to enlargement of the marrow spaces and disorientation of trabecular patterns that will affect 
detection of the anterior loop 36. 
Males (1.46 and 1.52 mm) tends to have large anterior loops readings than females (1.27 and 1.21 
mm). These differences may be due to larger jaw bones than females. Those findings were not 
statistically significant.  
In our study we included the dental status of the subjects as being dented or fully edentulous as a 
variable to compare between two groups. Eighty percent of our sample (n=80) were dented (one 
missing tooth or multiple missing teeth), and 20% (n=20) were fully edentulous (10 male, and 10 
female). We compared both groups for correlation with the dental status. The mean anterior loop 
measurements of the dentate group was 1.33 mm (0.85 SD) and the mean measurement of the fully 
edentulous group was 1.13 mm (0.91 SD) with no statistical difference between groups. The 
anterior loop measurement may change when the patient becomes fully edentulous as the ridge 
tends to resorb horizontally and vertically. As result the mental foramen would come closer to the 
crest of the ridge. Our sample size was not sufficiently large to access this potential change. Careful 
attention needed by the surgeon when making crestal incision and flap reflection at that area for 
implant placement to avoid any injury to the nerve. Despite the fact that there was no statistical 
significance among the study sample, but there were variations in the anterior loop measurements. 
In some of the individual cases the anterior loop was 0 mm in one side while it was 2.5 mm on the 
other side. This is a big measurement variation, which is a clinical significance when it comes to 
implant placement. When we look into the differences between the age group it was noticed that 
the anterior loop measurements were slightly bigger in older groups than younger groups, which 
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was not of a statistical significance, in some of the older groups subjects the anterior loop 
measurements actually smaller than those readings in younger groups. Those conflicting 
observations among our study samples influence the fact that there is no consistent number of the 
anterior loop measurement. Every case should be examined individually to identify the extension 
of the anterior loop in both sides, even if it was not detected in one of  the sides.  
A possible drawback of this study was the fact that the readings were done by one observer for 
consistency, but this allows for possible methodological bias. Hence two observers will reduce the 
methodological error and gives more reliability to the study.  
 
Conclusion:  
A successful implant placed in proximity to mental foramen requires planning to avoid 
complications or nerve injury. Because of possible variations in anterior loop measurements, each 
individual case should be examined, and an anterior loop measurement should be taken. CBCT is 
the imaging. 
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